Crystal structure of cleaved vaspin (serpinA12) by Pippel, Jan et al.
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$EVWUDFW
7KHDGLSRNLQHYDVSLQVHUSLQ$LVPDLQO\H[SUHVVHGLQZKLWHDGLSRVHWLVVXHDQGH[KLELWV
YDULRXVEHQHILFLDOHIIHFWVRQREHVLW\UHODWHGSURFHVVHV.DOOLNUHLQLVWKHRQO\NQRZQWDUJHW
SURWHDVHRIYDVSLQDQGLVLQKLELWHGE\WKHFODVVLFDOVHUSLQLQKLELWRU\PHFKDQLVPLQYROYLQJD
FOHDYDJHRIWKHUHDFWLYHFHQWHUORRSEHWZHHQ30DQG3¶(+HUHZHSUHVHQWWKH
[UD\VWUXFWXUHRIYDVSLQFOHDYHGEHWZHHQ0(:HSURYLGHDFRPSUHKHQVLYHDQDO\VLV
RIGLIIHUHQFHVEHWZHHQ WKHXQFOHDYHGDQGFOHDYHG IRUPV LQ WKHVKXWWHUEUHDFKDQGKLQJH
UHJLRQVDVZHOODVKHOL[)ZLWKUHODWLRQWRFRPPRQPROHFXODUIHDWXUHVXQGHUO\LQJWKHVHUSLQ
LQKLELWRU\PRGH)XUWKHUPRUHZHSRLQWRXWGLIIHUHQFHVWRZDUGVRWKHUVHUSLQVDQGSURYLGH
QRYHOGDWDXQGHUOLQLQJWKHUHPDUNDEOHVWDELOLW\RIYDVSLQ:HVSHFXODWHWKDWWKHSUHYLRXVO\
UHSRUWHG).*[:[[PRWLILQWKHEUHDFKUHJLRQPD\SOD\DGHFLVLYHUROHLQGHWHUPLQLQJWKH
UHDFWLYHFHQWHUORRSFRQILJXUDWLRQLQWKHQDWLYHYDVSLQVWDWHDQGPLJKWFRQWULEXWHWRWKHKLJK
WKHUPRVWDELOLW\ RI YDVSLQ7KXV WKLV VWUXFWXUHPD\SURYLGHDEDVLV IRU IXWXUHPXWDWLRQDO
VWXGLHV

.H\ZRUGVFOHDYHGVHUSLQNDOOLNUHLQUHDFWLYHFHQWHUORRSYDVSLQ[UD\VWUXFWXUH
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,QWURGXFWLRQ
7KHYLVFHUDODGLSRVHWLVVXHGHULYHGVHULQHSURWHDVH LQKLELWRUYDVSLQXQLSURWDFFHVVLRQQXPEHU
4,:ZDVILUVWLGHQWLILHGLQZKLWHDGLSRVHWLVVXHRIWKH2WVXND/RQJ(YDQV7RNXVKLPD)DWW\
2/(7) UDW W\SH GLDEHWHV PRGHO ZKHUH LW OHG WR LPSURYHG LQVXOLQ VHQVLWLYLW\ DQG JOXFRVH
WROHUDQFHXSRQDGPLQLVWUDWLRQ+LGDHWDO$OVRXQGHUDKLJKIDWGLHWDQLPSURYHGJOXFRVH
WROHUDQFHWRJHWKHUZLWKUHGXFHGZHLJKWJDLQZDVREVHUYHGLQYDVSLQWUDQVJHQLFPLFH1DNDWVXNDHW
DO,QKXPDQVYDVSLQP51$DQGVHUXPOHYHOVDUHDVVRFLDWHGZLWKSDUDPHWHUVRIREHVLW\
DQGLQVXOLQUHVLVWDQFH.O|WLQJHWDO<RXQHWDO%DVHGRQVXFKILQGLQJVLWKDVEHHQ
K\SRWKHVL]HG WKDW YDVSLQ FRXOG IXQFWLRQ DV D FRPSHQVDWRU\ DQWLGLDEHWLF DQG DQWLDWKHURJHQLF
SURWHLQ LQ REHVLW\ UHODWHG GLVRUGHUV VXFK DV LQVXOLQ UHVLVWDQFHRU GLVHDVHV RI WKH FDUGLRYDVFXODU
V\VWHP +HLNHU 7KXV YDVSLQ FRQVWLWXWHV D SURPLVLQJ GUXJ WDUJHWZLWK YDULRXV ILHOGV RI
DSSOLFDWLRQV LQPHWDEROLFDQGDWKHURJHQLFGLVHDVHV LQGXFHGE\RYHUZHLJKWDQGREHVLW\ %OKHU
9DVSLQEHORQJVWRWKHVHUSLQIDPLO\VHUSLQ$DQGNDOOLNUHLQ./.LVWKHRQO\NQRZQ
WDUJHW SURWHDVHRI YDVSLQ +HLNHU HW DO 8OEULFKW HW DO 7KHPHQWLRQHGEHQHILFLDO
HIIHFWVRQJOXFRVHWROHUDQFHLQPLFHFDQEHDVFULEHGWRWKHLQKLELWRU\DFWLYLW\RIYDVSLQ+HLNHUHW
DO)XUWKHUPRUHIRUERWKSURWHLQVDUROHLQSVRULDVLVDFKURQLFVNLQLQIODPPDWLRQRIWHQ
UHODWHG WR REHVLW\ KDV EHHQ GHPRQVWUDWHG (LVVD DQG'LDPDQGLV  6DDOEDFK HW DO 
6FKXOW]HWDO7RJHWKHUWKHVHILQGLQJVKLJKOLJKWWKHSDWKRSK\VLRORJLFDOUHOHYDQFHRIYDVSLQ
DQG./.7KXVDGHWDLOHGVWUXFWXUDOXQGHUVWDQGLQJRI WKH LQKLELWRU\DFWLRQRIYDVSLQ WRZDUGV
./.PD\FRQWULEXWHWRWKHSKDUPDFHXWLFDOLQWHUYHQWLRQRUPRGXODWLRQRIYDVSLQDFWLYLW\DVZHOO
DVWRDSURIRXQGXQGHUVWDQGLQJRIXQGHUO\LQJVSHFLILFLW\
,QKLELWRU\ VHUSLQV IRUP FRYDOHQW FRPSOH[HV ZLWK VHULQH SURWHDVHV XQGHU LQFRUSRUDWLRQ RI WKH
UHDFWLYHFHQWHUORRS5&/LQWRWKHLUFHQWUDOȕVKHHW$(QJKHWDO3DWVWRQHWDO7KH
VHUSLQ5&/FRPSULVHVWKHFOHDYDJHVLWHVIRUWKHWDUJHWSURWHDVHVDQGLVPRVWO\IOH[LEOHLQWKH



QDWLYH VWDWH RI LQKLELWRU\ VHUSLQV8SRQ FOHDYDJH RI WKH5&/ D FRYDOHQW HVWHU ERQG LV IRUPHG
EHWZHHQ6RIWKHUHVSHFWLYHSURWHDVHDQGWKHEDFNERQHFDUERQ\ORIWKHVHUSLQ3UHVLGXH3ULRU
WRK\GURO\VLVDQGUHOHDVHRIWKHSURWHDVHWKH5&/LQVHUWVLQWRȕVKHHW$7KHUHE\WKHSURWHDVHLV
WUDQVORFDWHG E\ a c DQG DOWHUHG LQDFWLYH E\ FRQIRUPDWLRQDO GLVWRUWLRQ RI WKH DFWLYH VLWH
+XQWLQJWRQHWDO'HPHQWLHYHWDO7KHWKHUPRG\QDPLFGULYLQJIRUFHRIWKLVSURFHVV
OLHVZLWKLQWKHLQWULQVLFPHWDVWDELOLW\RIWKHQDWLYHVWDWHZKLFKHQHUJHWLFDOO\IDYRUVWKHIRUPDWLRQRI
WKH5&/LQVHUWHGVWDWH+XEHUDQG&DUUHOO5\XHWDO/HHHWDO,QFRQVHTXHQFH
WKLV ³SRLVHG UHDG\´ FRQIRUPDWLRQ +DUURS HW DO  EHDUV WKH ULVN RI XQLQWHQGHG VHUSLQ
LQDFWLYDWLRQGXHWRODWHQF\WUDQVLWLRQSURWHDVHLQGHSHQGHQWLQFRUSRUDWLRQRIWKH5&/0RWWRQHQHW
DO1DDQG,PRUSRO\PHUL]DWLRQ'DYLVHWDO<DPDVDNLHWDO,QERWK
WKH ODWHQW DQG SRO\PHUL]HG VWDWH WKH5&/ LV XVXDOO\ LQDFFHVVLEOH IRU SURWHDVHV UHQGHULQJ WKH
VHUSLQ LQDFWLYH 'LIIHUHQW PHFKDQLVPV RI SRO\PHUL]DWLRQ KDYH EHHQ SURSRVHG 7KH ORRSVKHHW
PHFKDQLVPLVEDVHGRQ5&/LQVHUWLRQRIWKHGRQRUVHUSLQPROHFXOHDVVWUDQG$V$LQWRȕVKHHW
$RIWKHDFFHSWRUVHUSLQPROHFXOH&KDQJHWDO2WKHUPHFKDQLVPVDUHEDVHGRQFU\VWDO
VWUXFWXUHGDWDDQGLQYROYHPRUHH[WHQGHGGRPDLQVZDSSLQJ)RUWKHV$$PHFKDQLVPWKH5&/
DQGIXUWKHU&WHUPLQDODPLQRDFLGVIRUPERWKV$DQGWKHQHLJKERULQJV$RIWKHFHQWUDOȕVKHHW
$RI WKH DFFHSWRU VHUSLQPROHFXOH <DPDVDNL HW DO )RU3$, DQRWKHU SRO\PHUL]DWLRQ
PHFKDQLVPZDVREVHUYHGLQZKLFKWKH5&/IRUPVDQHZVWUDQGV$RQWKHHGJHRIȕVKHHW$IURP
DQHLJKERULQJPROHFXOH,QWKLVPRGHRQO\KDOIRIWKHPROHFXOHV³GRQDWH´WKHLU5&/ZKHUHDVIRU
WKHRWKHUKDOIWKH5&/UHPDLQVH[SRVHGDQGSRWHQWLDOO\DFFHVVLEOH6KDUSHWDO=KRXHWDO
In vivoSRO\PHUL]DWLRQPRVW OLNHO\IHDWXUHVDVZDSRIPDMRU&WHUPLQDOGRPDLQV7KHVH
LQYROYHVWUDQGVV&V%DQGV%ZKLOHWKH5&/LVLQFRUSRUDWHGLQWRWKHRZQFHQWUDO廐VKHHW$DV
LQWKHODWHQWWUDQVLWLRQ<DPDVDNLHWDO2QWKDWQRWHIRUYDVSLQZHKDYHSUHYLRXVO\UHSRUWHG



D UHPDUNDEOH WKHUPRVWDELOLW\ DV RQO\ KLJK WHPSHUDWXUHV ZHUH DEOH WR LQGXFH SRO\PHUL]DWLRQ
8OEULFKWHWDO:HDOVRIRXQGQRLQGLFDWLRQVIRUDWHQGHQF\WRZDUGVWKHODWHQWWUDQVLWLRQ
DQG SURORQJHG VWRUDJH DW & GRHV QRW DOWHU DFWLYLW\ VLJQLILFDQWO\ 7KH PROHFXODU EDVLV DQG
SK\VLRORJLFLPSDFWRIWKLVFKDUDFWHULVWLFDUHQRW\HWXQGHUVWRRG
'XHWRWKHVRSKLVWLFDWHGSXULILFDWLRQDQGFU\VWDOOL]DWLRQSURFHGXUHVRQO\WZRFU\VWDOVWUXFWXUHVRI
FRYDOHQWVHUSLQSURWHDVHFRPSOH[HVKDYHEHHQSXEOLVKHG+XQWLQJWRQHWDO'HPHQWLHYHW
DO$VIRUYDVSLQVRIDURQO\FU\VWDOVWUXFWXUHVRIWKHZLOGW\SHDQGPXWDQWVLQWKHQDWLYH
XQFOHDYHGVWDWHDUHDYDLODEOHDQGDUHSURYLGLQJOLWWOHLQIRUPDWLRQRILWVEHKDYLRULQWKHFRYDOHQW
FRPSOH[ +HLNHU HW DO  8OEULFKW HW DO  %XW ZKHQ DWWDFNLQJ VHUSLQ 5&/V VRPH
SURWHDVHPROHFXOHVHVFDSHWKHLQKLELWRU\SDWKZD\UHOHDVLQJDFOHDYHGVXEVWUDWHVHUSLQ7RDWWDLQ
WKHK\SHUVWDEOHVHUSLQFRQIRUPDWLRQWKHFOHDYHG5&/LVVWLOOLQVHUWHGLQWRWKHFHQWUDOȕVKHHW$
DQGSUHYLRXVVWUXFWXUDODQDO\VHVGHPRQVWUDWHGWKDWIROGVRIWKHFOHDYHGVWDWHDQGRIWKHFRYDOHQW
FRPSOH[ZLWK WKHSURWHDVHDUHKLJKO\VLPLODU+XQWLQJWRQHWDO'HPHQWLHYHWDO
7KXV FU\VWDO VWUXFWXUHV RI FOHDYHG VHUSLQV SURYLGH YDOXDEOH VWUXFWXUDO LQVLJKW LQWR WKH VSHFLILF
VHUSLQLQKLELWLRQPHFKDQLVPZKHUHFU\VWDOVWUXFWXUHVRIWKHFRYDOHQWFRPSOH[DUHQRWDYDLODEOH
+HUHZHSUHVHQWWKH;UD\VWUXFWXUHRIFOHDYHGYDVSLQDQGDQLQGHSWKFRPSDULVRQZLWKWKHQDWLYH
VWDWHDQGRWKHUFOHDYHGDVZHOODVQDWLYHVHUSLQVWUXFWXUHVZLWKDIRFXVRQFKDQJHVWKDWDFFRPSDQ\
WKHWUDQVLWLRQIURPWKHQDWLYHWRWKHFOHDYHGVWDWHDVZHOODVRQYDVSLQVWDELOLW\

5HVXOWVDQG'LVFXVVLRQ
&U\VWDOOL]DWLRQDQGVWUXFWXUHGHWHUPLQDWLRQ3ULRUWRFU\VWDOOL]DWLRQWKHLQWDFW5&/RISXULILHG
QDWLYHYDVSLQZDVFRQILUPHGYLD+3/&6'63$*(DQGFRPSOH[IRUPDWLRQH[SHULPHQWVZLWKLWV
WDUJHW SURWHDVH./. +HLNHU HW DO  7KXV FOHDYDJH RFFXUUHG GXULQJ WKH FU\VWDOOL]DWLRQ



SURFHVVHLWKHUE\XQLQWHQGHGSURWHDVHFRQWDPLQDWLRQLQWKHFU\VWDOOL]DWLRQGURSRUVSRQWDQHRXVO\
DVDOVRUHSRUWHGIRUWKHDrosophila melanogaster Serpin 42 Da(OOLVGRQHWDO
&U\VWDOV RI FOHDYHG YDVSLQ FRQWDLQ WZR PRQRPHUV LQ WKH DV\PPHWULF XQLW 7KH ILQDO PRGHO
FRPSULVHVFKDLQ$DQGFKDLQ%UHVLGXHVZLWKRQO\WKUHHDPLQRDFLGVDGMDFHQWWRWKH
REVHUYHGFOHDYDJHVLWHPLVVLQJ0IRUFKDLQ$(7IRUFKDLQ%±PRVWOLNHO\GXHWR
LQFUHDVHGIOH[LELOLW\

&RPSDULVRQRIWKHRYHUDOOIROGVRIWKHQDWLYHDQGFOHDYHGYDVSLQFU\VWDOVWUXFWXUHV1DWLYH
YDVSLQH[KLELWV WKHFODVVLFDOVHUSLQVWUXFWXUHZLWK WKHH[SRVHG5&/)LJXUH$ +HLNHUHWDO
7KHLQWDFW5&/DWWKHWRSRIYDVSLQFRPSULVLQJUHVLGXHV(WR0LVLQODUJHSDUWVQRW
GHILQHG E\ HOHFWURQ GHQVLW\ LQ WKH FODVVLFDO YLHZ GHSLFWHG LQ )LJXUH  7KLV FRQIRUPDWLRQ LV
HTXLYDOHQWWRWKDWRILQKLELWRU\VHUSLQVDQGFRUUHVSRQGVWRDKLJKHQHUJ\RUPHWDVWDEOHVWDWH+XEHU
DQG&DUUHOO5\XHWDO/HHHWDO,QWKH;UD\VWUXFWXUHRIFOHDYHGYDVSLQWKH
FHQWUDOȕVKHHWLVH[SDQGHGIURPILYHWRVL[ȕVWUDQGVE\LQFRUSRUDWLRQRIWKH5&/DVFHQWUDOVWUDQG
V$WKHKDOOPDUNRILQKLELWRU\VHUSLQVWKDWKDYHEHHQFOHDYHGZLWKLQWKH5&/)LJXUH$%
+XQWLQJWRQHWDO'HPHQWLHYHWDO$QDOLJQPHQWE\PDLQFKDLQDWRPVV$DQGV$
DVLQ-HQVHQHWDO\LHOGVDEHWWHUVXSHUSRVLWLRQRIWKHFHQWUDOȕVKHHWDQGQHDUE\HOHPHQWVZKLOH
WKHRWKHUSDUWVPRYHIXUWKHUZLWKWKHLQVHUWLRQRIWKHV$VWUDQG6XSSOHPHQWDU\)LJXUH6$
FRPSDULVRQWRRWKHUFU\VWDOVWUXFWXUHVRIFOHDYHGKXPDQLQKLELWRU\VHUSLQV7DEOHGHPRQVWUDWHV
DKLJKVLPLODULW\RIWKH5&/FOHDYHGIROGZLWKORZURRWPHDQVTXDUHGHYLDWLRQVUPVGRI±
c GHVSLWH ORZ VHTXHQFH VLPLODULWLHV DPRQJ WKHVH VHUSLQV UDQJLQJ IURP  VHTXHQFH
LGHQWLW\
Table 1 should be positioned here 




9DVSLQ LV FOHDYHG E\ ./. EHWZHHQ 3 0 DQG 3¶ ( +HLNHU HW DO  ,Q WKH
FU\VWDOOL]HGFOHDYHGYDVSLQFKDLQ%WKHHOHFWURQGHQVLW\RI0LVUHODWLYHO\ZHOOGHILQHGDQG
WKHUHLVQRGHQVLW\YLVLEOHDIWHUWKLVUHVLGXH)LJXUH%ERWWRPGHWDLO7KHSRVWFOHDYDJHVLWH3¶
3¶UHVLGXHV(DQG7DUHGLVRUGHUHGDQGZHUHQRWPRGHOHG)LJXUH%XSSHUGHWDLO'XH
WRFU\VWDOFRQWDFWVWKHVHWZRUHVLGXHVDUHZHOOGHILQHGLQFKDLQ$ZLWK(UHSUHVHQWLQJWKH&
WHUPLQDOHQGRIWKHFOHDYDJHVLWHZKLOHWKH1WHUPLQDO0FRXOGQRWEHPRGHOHGLQWKLVFKDLQ
$VVXPLQJWKDWWKHFU\VWDOVGLGQRWIRUPIURPDKHWHURJHQHRXVPL[WXUHRIGLIIHUHQW5&/FOHDYDJH
VLWHVWKHVHILQGLQJVFRQILUPWKHFOHDYDJHVLWHEHWZHHQ0DQG(

&KDQJHVLQWKHVKXWWHUUHJLRQ7KHVKXWWHUUHJLRQLV ORFDWHGLQWKHPLGGOHRI WKHSURWHLQDQG
FRPSULVHVYDULRXVFRQVHUYHGDPLQRDFLGVIURPV%KHOL[%K%DVZHOODVȕVKHHW$ZKLFKDUH
FUXFLDO IRU SURWHLQ VWDELOLW\ DQG PRUH LPSRUWDQWO\ FRQWURO WKH RSHQLQJ RI ȕVKHHW $ ZKLFK
UHSUHVHQWVDNH\SURFHVVRIWKHVHUSLQLQKLELWRU\PHFKDQLVP6WHLQDQG&DUUHOO:KLVVWRFNHW
DO  =KRX HW DO  3DUWLFXODUO\ WKH FRPSUHKHQVLYH K\GURJHQ ERQG QHWZRUN DQG WKH
SDFNLQJEHWZHHQWKHKLJKO\FRQVHUYHGUHVLGXHV66ERWKK%IURPWKHFODVVLFDOVHUSLQYLHZ
K%LVORFDWHGRQWKHEDFNVLGHRIVKHHW$1V$DQG+V$KDVEHHQVKRZQWREHRI
JUHDWLPSRUWDQFHIRUWKHLQKLELWRU\SURFHVV+DUURSHWDO:KLVVWRFNHWDO(OOLVGRQHW
DO)LJXUH$7KHUHIRUHPXWDWLRQVLQWKLVGRPDLQKDYHEHHQOLQNHGWRSRO\PHUL]DWLRQ
DQGFOLQLFDOGLVHDVHV LQYDULRXVVHUSLQV 6H\DPDHWDO0LOODUHWDO*RRSWXHWDO
/RPDVDQG&DUUHOO,QYDVSLQWKHDPLQRDFLGFRPSRVLWLRQRIWKHVKXWWHUGRPDLQLV
LGHQWLFDOWRWKHFRQVHQVXVVHTXHQFHIRUKXPDQLQKLELWRU\VHUSLQV)LJXUH:LWKK\GURJHQERQGV
EHWZHHQ661DQG+FRPSOHPHQWHGE\DK\GURJHQERQGEHWZHHQ1DQG1
V$WKHVKXWWHUUHJLRQRIQDWLYHYDVSLQVKRZVQRVLJQVIRUGHVWDELOL]DWLRQWKDWFRXOGEHOLQNHGWR



SRO\PHUL]DWLRQ WHQGHQFLHVVXFKDVREVHUYHGIRUPXWDWLRQV LQĮDQWLWU\SVLQĮ3,6)6 LQ
YDVSLQ 0LOODU HW DO  RU LQ QHXURVHUSLQ 65 6 LQ YDVSLQ 7DNDR HW DO 
1RWHZRUWK\LQ3$,WKHVKXWWHUGRPDLQFRPSRVLWLRQLVVLJQLILFDQWO\GLIIHUHQW6*'
1DQG4)LJXUHEXWLIDGDSWHGWRWKHFRQVHQVXVVHTXHQFHHJ*6RU4+WKH
KDOIOLIHRI3ODVPLQRJHQDFWLYDWRULQKLELWRU3$,ZDVGUDPDWLFDOO\UHGXFHG.LUNHJDDUGHWDO
+DQVHQ HW DO  7KXV IRU VRPH VSHFLILF VHUSLQV RWKHU VKXWWHU UHJLRQ FRPSRVLWLRQV
RFFXUZKLFKKDYHVLPLODUVWDELOL]LQJHIIHFWV
8SRQFOHDYDJHRIWKH5&/DQGLQVHUWLRQLQWRWKHFHQWUDOȕVKHHW$V$LVUHSODFHGE\WKHQHZ
VWUDQGV$$VDUHVXOW1V$LVVXEVWLWXWHGE\WKHOLNHZLVHFRQVHUYHG7V$3ZKLFK
HVWDEOLVKHV K\GURJHQ ERQGV WR + DQG 6 )LJXUH %  7KXV GHVSLWH WKH VLJQLILFDQW
FRQIRUPDWLRQDOFKDQJHWKDWWDNHVSODFHLQWKHVKXWWHUGRPDLQGXULQJWUDQVLWLRQIURPWKHQDWLYHWR
WKHFOHDYHGVWDWHDFRPSUHKHQVLYHK\GURJHQERQGQHWZRUNZLWKLQWKLVUHJLRQFRPSDUDEOHWRRWKHU
VHUSLQVLVUHFRQVWLWXWHGDIWHULQVHUWLRQRIWKHQHZVWUDQGLQWKHFOHDYHGIRUPRIYDVSLQ
&KDQJHVZLWKLQ WKHEUHDFK UHJLRQ 7KH VWUHVVHGPHWDVWDEOH FKDUDFWHU RI QDWLYH VHUSLQV LV D
UHTXLUHPHQWIRUWKHXQLTXHPRGHRISURWHDVHLQKLELWLRQEXWVLPXOWDQHRXVO\LQFUHDVHVWKHULVNIRU
PLVIROGLQJODWHQF\WUDQVLWLRQRUSRO\PHUL]DWLRQUHYLHZHGLQ%HORUJH\HWDO3DUWLFXODUO\
WKHEUHDFKUHJLRQKDVEHHQVKRZQWRSOD\DQLPSRUWDQWUHJXODWRU\UROHLQVWDELOL]LQJWKHKLJKHQHUJ\
VHUSLQ FRQIRUPDWLRQ ZKLOH SURYLGLQJ VXIILFLHQW VWUXFWXUDO IOH[LELOLW\ IRU WKH VHUSLQ LQKLELWRU\
PHFKDQLVPWRSURFHHG:KLVVWRFNHWDO3HDUFHHWDO,WLVORFDWHGDWWKHWRSRIWKH
FHQWUDOȕVKHHWDQGLVWKHSRLQWRILQLWLDOLQVHUWLRQRIWKH5&/DVWKHDGGLWLRQDOVWUDQGRIȕVKHHW$
7KHEUHDFKUHJLRQFRPSULVHVDQXPEHURIFRQVHUYHGUHVLGXHVIURPVWUDQGV$DVZHOODVIURPWKH
WRSRIV$V%V%DQGV%:KLVVWRFNHWDO.KDQHWDO,QQDWLYHYDVSLQWKH
EUHDFKUHJLRQUHVHPEOHVD
SDUWLDOO\RSHQHG]LSSHU
ZLWKDZDWHUILOOHGYRLGEHWZHHQV$DQGV$



IRUWKHLQFRUSRUDWLRQRIWKH5&/GHULYHGV$)LJXUH$7KLVLVREVHUYHGLQYDULRXVRWKHUQDWLYH
VWDWHKXPDQLQKLELWRU\VHUSLQVHJQHXURVHUSLQSGEFRGH)15LFDJQRHWDO3URWHLQ&
LQKLELWRU3&,SGEFRGH2//LHWDOĮ3,SGEFRGH&:/3HDUFHHWDO
3$,SGEFRGHV'9046WRXWHWDO-HQVHQHWDODQG3$,SGEFRGH
%<+DUURSHWDO,WLVDVVXPHGWRIDFLOLWDWHLQFRUSRUDWLRQRIWKHDGGLWLRQDOȕVWUDQGV$
XSRQFOHDYDJHRIWKH5&/+DUURSHWDO/LHWDO+DUURSet al.DWWULEXWHWKHȕVWUDQG
VHSDUDWLRQWRWKHVWHULFHIIHFWRIWKHODUJHVLGHFKDLQVRI<DQG:WKHODWWHUUHVLGXHEHLQJ
SDUWRIDFRQVHUYHGPRWLIGLVFXVVHGEHORZ)LJXUH)LJXUH+DUURSHWDO,QWKHQDWLYH
YDVSLQVWUXFWXUHWKLVFRQIRUPDWLRQLVIXUWKHUVWDELOL]HGE\VWURQJK\GURJHQERQGVEHWZHHQWKHVLGH
FKDLQVRIWKHFRQVHUYHG5V$DQG(V$ZKLFKZRXOG±WRVWD\ZLWKWKH]LSSHUDQDORJ
±FRUUHVSRQGWRWKHSRVLWLRQRIWKH]LSVOLGHU(V$LVDGGLWLRQDOO\K\GURJHQERQGHGE\+
V$%HQHDWKWKHVLGHFKDLQ5+(D[LVWKHW\SLFDOLQWHUDFWLRQVRISDUDOOHOȕVWUDQGV
DUHREVHUYHGDOWRJHWKHUUHVXOWLQJLQDYHU\ILUPLQWHUDFWLRQRIV$DQGV$7KXVLQQDWLYHYDVSLQ
WKHEUHDFKUHJLRQH[KLELWVYDULRXVLQWHUDFWLRQVZKLFKHIIHFWLYHO\VWDELOL]HWKLVVWDWH
8SRQLQVHUWLRQRIWKH5&/LQWRȕVKHHW$EHWZHHQV$DQGV$DIXOODQWLSDUDOOHOȕVKHHWZLWKVL[
ȕVWUDQGVLVIRUPHG)LJXUH%+HQFHLQWKLVFRQIRUPDWLRQWKHDERYHPHQWLRQHGLQWHUDFWLRQV
EHWZHHQ WKHVH WZR VWUDQGV DUH GLVSODFHG DQG WKH HQWLUH ȕVKHHW LV VWDELOL]HG E\ WKH FRPPRQ
K\GURJHQERQGQHWZRUNDQGRQO\RQHVLGHFKDLQLQWHUDFWLRQEHWZHHQ(DQG7LVREVHUYHG
LQWKLVFRQIRUPDWLRQZLWKLQV$DQGV$)LJXUH%<IRUPVDK\GURJHQERQGZLWK7
3LQWKHFOHDYHGFRQIRUPDWLRQ%RWK<DQG7RUWKHHTXLYDOHQWSDLUW\URVLQHVHULQH
DUHFRQVHUYHGWRaLQDOOLQKLELWRU\VHUSLQVDQGWKHLQWHUDFWLRQKDVEHHQVXJJHVWHGDQLPSRUWDQW
GHWHUPLQDQWRI5&/LQVHUWLRQLQ3$,DQG/(,-DQNRYDHWDO6DXQGHUVHWDO$OVR
WKLVLPSRUWDQWK\GURJHQERQGDSSHDUVLQDOORIWKHKHUHPHQWLRQHGFOHDYHGVHUSLQ;UD\VWUXFWXUHV
7DEOH,QOLQHZLWKWKHVHREVHUYDWLRQVWKHPXWDWLRQV75LQĮDQWLFK\PRWU\SVLQĮ$&7



/XNDFVHWDODDQG73LQ3$,*LOVHWDOUHVXOWHGLQQRQLQKLELWRU\VHUSLQV
$OVRLQYDVSLQWKH75PXWDQWLVDQRQLQKLELWRU\YDULDQWFOHDYHGE\./.in vitro+HLNHUHW
DO,QWHUHVWLQJO\WKH;UD\VWUXFWXUHRI75Į$&7PXWDQWUHYHDOHGWKDW5&/LQVHUWLRQ
LVVWLOORFFXUULQJEXWWKHVWUDQGKDVWXUQHGDURXQGDQGWKHEXON\DUJLQLQHVLGHFKDLQIDFHVDZD\
IURPWKHK\GURSKRELFVHUSLQFRUH/XNDFVHWDOD7KLVSURFHVVVORZVGRZQ5&/LQVHUWLRQ
DQGDOORZVIRUFRPSOHWHFOHDYDJHDQGUHOHDVHRIWKHSURWHDVH&RPSDULVRQRIWKHUPDOXQIROGLQJRI
SURWHDVHFOHDYHG75YDVSLQWRWKHLQWDFWVHUSLQDOVRUHYHDOHGDVXEVWDQWLDOLQFUHDVHLQVWDELOLW\
FOHDUO\VXJJHVWLQJWKDWDOVRLQYDVSLQWKH75PXWDWLRQGRHVVLJQLILFDQWO\VORZGRZQEXWGRHV
QRWSUHYHQW5&/LQVHUWLRQ)LJXUH$,QOLQHZLWKWKHVHILQGLQJVKHDWLQGXFHGSRO\PHUL]DWLRQLV
REVHUYHGDQGFRPSDUDEOHWRZLOGW\SHYDVSLQ8OEULFKWHWDOIRUWKH75PXWDQWZKLOH
FOHDYHG75YDVSLQUHPDLQVLQVROXWLRQDVDPRQRPHULFPROHFXOHHYHQDW&)LJXUH%

,QWHUDFWLRQVRIWKHEUHDFKUHJLRQZLWKKLQJHUHJLRQUHVLGXHV)XUWKHUVWDELOL]DWLRQRIWKHQDWLYH
YDVSLQVWDWHLQYROYHVK\GURJHQERQGVDQGHOHFWURVWDWLFLQWHUDFWLRQVRIWKHEUHDFKUHJLRQZLWKKLQJH
UHJLRQUHVLGXHVRIWKH5&/'*33E\ZKLFKWKH5&/LVKHOGLQD³SRLVHGUHDG\´
SRVLWLRQ+DUURSHWDO$SURPLQHQWIHDWXUHRIWKLVUHJLRQLVDVXUIDFHJURRYHFRPSRVHGRI
5)IURPWKHORRSFRQQHFWLQJV$DQGV&ZKLFKHPEHGVUHVLGXHV5(33
RIWKH5&/KLQJHUHJLRQLQYROYLQJPDQ\K\GURJHQERQGLQWHUDFWLRQV)LJXUH$$QXPEHURI
EUHDFKUHJLRQUHVLGXHVDUHFRQVHUYHGDPRQJKXPDQVHUSLQVPRVWQRWDEO\WKH).*[:[[PRWLI
:KLVVWRFNHWDO7KLVPRWLIPLJKWHYHQEHH[WHQGHGWR).*[:[[[)DFFRUGLQJWRWKH
FRQVHQVXV VHTXHQFH FRQYHUVDWLRQ ! RI KXPDQ LQKLELWRU\ VHUSLQV )LJXUH  :LWK 
VHTXHQFHLGHQWLW\UHVLGXHV).*DQG:DUHHYHQPRUHFRQVHUYHG:KLVVWRFNHWDO)URP
WKHOLWHUDWXUHRQO\OLWWOHLVNQRZQDERXWWKHPRWLIDQGLWVIXQFWLRQLV\HWWREHHOXFLGDWHG,QYDVSLQ
WKHPRWLILVVOLJKWO\GLIIHUHQWZLWK)5$[:[[[)UHVLGXHVEXWWKHPDLQSURSHUWLHVRI



WKH UHVLGXHV DUH SUHVHUYHG : LV SRVLWLRQHG DW WKH ERWWRP RI WKH JURRYH LQ OLQH ZLWK WKH
K\GURSKRELFUHVLGXHV))DQG<7KHVHIRXUODUJHDURPDWLFVLGHFKDLQVIRUPDVWDEOH
JURXQGEHORZWKH5&/KLQJHUHJLRQLQ WKHFOHDYHGDQGXQFOHDYHGVWDWHVDQGFRQWULEXWH WRFRUH
VWDELOLW\RIWKHVHUSLQIROGLQWKLVFULWLFDOEUHDFKUHJLRQ:IXUWKHUPRUHIRUPVDK\GURJHQERQG
ZLWKWKHFDUERQ\OR[\JHQRI'DQLQWHUDFWLRQWKDWKDVEHHQREVHUYHGDOVRIRUDOOQDWLYHDVZHOO
DVFOHDYHGVHUSLQVWUXFWXUHVOLVWHGLQWKLVVWXG\)LJXUH$%7KXVWKLVK\GURJHQERQGPLJKW
FRQVWLWXWHDQLPSRUWDQWIHDWXUHIRU LQKLELWRU\VHUSLQVDVDOVRVXJJHVWHGE\RWKHUV+DUURSHWDO
/LHWDO%ORXVHHWDO+RZHYHUPXWDWLRQVRI:KDGGLYHUJLQJHIIHFWVLQ
GLIIHUHQWVHUSLQV,Q3$,H[FKDQJHRIWKHUHVSHFWLYHWU\SWRSKDQ:WRSKHQ\ODODQLQHOHGWR
DOWHUHGLQKLELWLRQNLQHWLFVDQGVWDELOL]HGWKHSURWHLQDJDLQVWODWHQF\%ORXVHHWDO6LQFHWKH
SDFNLQJRIWKH:)3$,EUHDFKUHJLRQLVQRWDIIHFWHGE\WKHDPLQRDFLGUHSODFHPHQWWKHVH
HIIHFWVDUHSURSRVHGWRUHVXOWIURPDQLQFUHDVHGDFWLYDWLRQHQHUJ\IRU5&/LQVHUWLRQSGEFRGH
4-HQVHQHWDO,QFRQWUDVWLQĮ$&7WKHVDPHPXWDWLRQDW:LQFUHDVHGWKHULVNRI
SRO\PHUL]DWLRQZKLFKZDVSLQQHGRQWKHDOWHUHGK\GURJHQERQGLQJSDWWHUQWKDWVWDELOL]HVWKHSUH
LQVHUWHG 5&/ FRQIRUPDWLRQ LQ QDWLYH Į$&7 3HDUFH HW DO  7RJHWKHU DOO WKHVH GDWD
GHPRQVWUDWHWKHNH\UROHRIWKLVSDUWLFXODUUHVLGXH
7KH5[DQG([UHVLGXHVRIWKHPRWLIIRUPWKHZDOOVRIWKHQDUURZJURRYHRIWKHEUHDFK
UHJLRQLQWKHQDWLYHVWDWHDQG35&/UHVLGXH*LVGLUHFWO\SRVLWLRQHGEHWZHHQ5DQG(
)LJXUH$7KHVHSRVLWLRQVDUHQRWFRQVHUYHGLQKXPDQVHUSLQVEXWDUHPRVWO\RFFXSLHGE\RWKHU
SRODUDQGEXON\VLGHFKDLQVVNLUWLQJWKHJURRYH)LJXUH6WUXFWXUDOIHDWXUHVDUHYHU\VLPLODULQ
WKHXQFOHDYHGKXPDQĮDQWLWKURPELQĮ$7VWUXFWXUHEXWWKHUHWKHJURRYHLVRFFXSLHGE\WKHVLGH
FKDLQRI.DQGWKH5&/LVZLQGHGDURXQGSGEFRGH&:/3HDUFHHWDO
,Q WKHFOHDYHGVWDWHRIYDVSLQ WKHJURRYH LVQRWSUHVHQWDQ\PRUHZLWK WKHQRZLQWHUDFWLQJVLGH
FKDLQVRI(DQG5FORVLQJWKHJDS)LJXUH%7KHVWULFWO\FRQVHUYHG*3RIWKH



QHZȕVWUDQGV$LVSRVLWLRQHGLQFORVHSUR[LPLW\WRWKHVLGHFKDLQVRI:DQG</DUJHU
VLGHFKDLQVWKDQWKDWRIJO\FLQHZRXOGFODVKZLWKWKH:LQGROHJURXSLQWKHFOHDYHGVWDWHDQG
ZLWK5[RIWKHDIRUHPHQWLRQHGPRWLIDQG([LQWKHQDWLYHVWDWH)LJXUH$,QGHHG
VXEVWLWXWLRQRIWKLVJO\FLQHE\SUROLQHLQ3$,UHVXOWHGLQDVXEVWUDWHOLNHEHKDYLRURIWKHVHUSLQ
WKRXJK5&/LQFRUSRUDWLRQZDVVWLOOREVHUYHG*LOVHWDO
7KHVHFRQGVWULFWO\FRQVHUYHGUHVLGXHRI WKHEUHDFKUHJLRQLV()LJXUH,W LQWHUDFWVZLWK
5ERWKLQWKHFOHDYHGDQGXQFOHDYHGVWDWHRIYDVSLQ)LJXUH$%5LVUHSODFHGPRVWO\
E\O\VLQHRURFFDVLRQDOO\E\DJOXWDPLQH)LJXUH7KHKLJKGHJUHHRIFRQVHUYDWLRQRI(FDQ
EHH[SODLQHGIURPLWVFUXFLDOIXQFWLRQLQDQFKRULQJWKHHQGRIV$DQGVLPXOWDQHRXVO\IRUPLQJD
KLQJHSRLQWIRUIRUPDWLRQDQGLQVHUWLRQRIV$+DUURSHWDO ,QWKH=YDULDQWRIĮ$7
ODWHQF\ PLVIROGLQJ DQG SRO\PHUL]DWLRQ LV LQFUHDVHG YLD WKH QDWXUDO RFFXUULQJ PXWDWLRQ RI
JOXWDPDWH WR O\VLQH DW WKDW SRVLWLRQ (. 613 QXPEHU 5V LQGLFDWLQJ WKH KLJK
LPSRUWDQFHRI WKLV FRQVHUYHG VDOWEULGJH IRUQDWLYH VWDWH VHUSLQ VWDELOLW\ DQG IROGLQJ -HSSVVRQ
 /RPDV HW DO  7KLV PXWDWLRQ DFFRXQWV IRU  RI DOO Į$7 GHILFLHQFLHV DQG LV
DVVRFLDWHG ZLWK YDULRXV SK\VLRORJLFDO GLVHDVHV RI WKH OLYHU VXFK DV FLUUKRVLV RU KHSDWRFHOOXODU
FDUFLQRPD(ULNVVRQHWDOUHYLHZHGLQ6WROOHUDQG$ERXVVRXDQ
$QRWKHUSRWHQWLDOO\LPSRUWDQWUHVLGXHDGMDFHQWWR(LV'IRUPLQJDVDOWEULGJHZLWK5LQ
QDWLYHYDVSLQDQGSRVVLEO\SUHYHQWVIXUWKHUSUHLQVHUWLRQRIWKH5&/LQWRWKHXSSHUYRLGEHWZHHQ
V$DQGV$)LJXUH$,QWKHFOHDYHGVWDWH'LVLQYROYHGLQVWDELOL]LQJWKHWXUQRIWKHQHZ
ȕVWUDQGE\IRUPLQJK\GURJHQERQGVZLWKWKH1+EDFNERQHDWRPVRI5DQG*)LJXUH%
,QRWKHUVHUSLQVLWLVUHSODFHGE\SRODUUHVLGXHV)LJXUHWKDWDUHLQYROYHGLQVLPLODUK\GURJHQ
ERQGLQJLQWHUDFWLRQVVXFKDV1LQQHXURVHUSLQSGEFRGHV))1)*45LFDJQRHWDO
7DNHKDUDHWDO 2YHUDOOWKHVXPRIWKHVHFRPSUHKHQVLYHLQWHUDFWLRQVLQWKHQDWLYH
VWDWHLVOLNHO\WRLPSHGHIRUPDWLRQRIWKHODWHQWVWDWHRUSRO\PHUL]DWLRQLQYDVSLQ,QOLQHZLWKWKHVH



REVHUYDWLRQVZH KDYH SUHYLRXVO\ GHPRQVWUDWHG YDVSLQV WKHUPRVWDELOLW\ DQG UHOXFWDQFH WR IRUP
SRO\PHUV 8OEULFKW HW DO  ,Q DGGLWLRQ ZH KHUH WULHG WR LQGXFH WKH ODWHQW WUDQVLWLRQ E\
LQFXEDWLQJYDVSLQXQGHUKLJK WHPSHUDWXUHVXVLQJFLWUDWHDVD VWDELOL]LQJDJHQW&LWUDWHKDVEHHQ
SUHYLRXVO\XVHGWRVXSSUHVVKHDWLQGXFHGSRO\PHUL]DWLRQDQGHQDEOHGWKHODWHQWWUDQVLWLRQRIRWKHU
VHUSLQVVXFKDVĮ3,DQGĮ$7/RPDVHWDO:DUGHOOHWDO3HDUFHHWDO:KLOH
WKHDGGLWLRQRIFLWUDWHUHVXOWHGLQVXSSUHVVLRQRISRO\PHUL]DWLRQ)LJXUH&DQG'WRSSDQHOWKH
SHUVLVWHQWPRQRPHULFYDVSLQUHPDLQHGDFWLYHLHDEOHWRFRPSOH[./.HYHQDIWHULQFXEDWLRQDW
YHU\KLJKWHPSHUDWXUHVKXSWR&RUIRUSURORQJHGWLPHKDW&)LJXUH&DQG'
ERWWRPSDQHO

7KHHQYLURQPHQWRIWKHLQVHUWHGȕVWUDQGV$7KHKLQJHUHJLRQRIWKHLQVHUWHGȕVWUDQGV$LV
ODUJHO\ FRQVHUYHG DPRQJ VHUSLQV ZLWK WKH FRQVHQVXV VHTXHQFH *7($$$[7 7DEOH  7KH
LPSRUWDQWUROHRIWKHILUVWWKUHRQLQHLQYDVSLQ7KDVDOUHDG\EHHQGLVFXVVHGDERYH0XWDWLRQV
LQWKLVUHJLRQDOOQHJDWLYHO\DIIHFWLQKLELWRU\DFWLYLW\RIWKHVHUSLQ2QHRIPDQ\H[DPSOHVLVWKH
QDWXUDOO\RFFXUULQJ3PXWDQW$3IRUĮ$70ROKR6DEDWLHUHWDO3HUU\HWDO
$3SUROLQHUHVXOWHGLQFRPSOHWHORVVRIDFWLYLW\LQĮ$7DQGĮ3,&DVRHWDO+RSNLQVHW
DODQGPXWDWLRQRI3$3LQYDVSLQDOVR\LHOGHGDQRQLQKLELWRU\YDULDQW+HLNHUHWDO
6WXGLHVRQ*3LQ3,VXJJHVWHGWKDWD3SUROLQHGRHVQRWDIIHFWLQLWLDOSURWHDVHVHUSLQ
LQWHUDFWLRQ DQG WKXV VORZV GRZQ 5&/ LQVHUWLRQ EXW GRHV QRW SUHYHQW IRUPDWLRQ RI WKH IXOO
DQWLSDUDOOHOȕVKHHW +RSNLQVHWDO$FOHDUJDLQ LQVWDELOLW\DIWHUSURWHDVHFOHDYDJHZDV
REVHUYHG IRU WKH $3 PXWDQW RI YDVSLQ DJDLQ VXSSRUWLQJ VORZHG EXW VWLOO RFFXUULQJ 5&/
LQVHUWLRQXQGHUO\LQJWKHVXEVWUDWHQDWXUHRIWKHVHKLQJHUHJLRQPXWDQWV)LJXUH$,QFRPSDULVRQ
WR WKH75PXWDQW LQ YDVSLQ LQWURGXFWLRQRI D SUROLQH DW WKH3SRVLWLRQ VHHPV WR VOLJKWO\
GHVWDELOL]H WKHUHOD[HG5&/LQVHUWHGFRQIRUPDWLRQDVDPLQRU WUDQVLWLRQ LVREVHUYHGDWDERYH



&DQGKHDWLQGXFHGSRO\PHUVDUHREVHUYHGIRUWKHFOHDYHG$3PXWDQWDIWHULQFXEDWLRQDW
WKHVHWHPSHUDWXUHV)LJXUH%
7KHODVWUHVLGXHRIWKLVVHTXHQFHLV7ZKLFKLQWHUDFWVZLWKWKHVLGHFKDLQVRI6DQG+RI
WKHVKXWWHUGRPDLQDVGLVFXVVHGDERYH)LJXUH7KHIROORZLQJVL[ UHVLGXHVRI WKH5&/YDU\
VLJQLILFDQWO\EHWZHHQVHUSLQVDQGGRQRWH[KLELWQRWDEOHLQWHUDFWLRQV7KHVLGHFKDLQVRI*DQG
$KDYHQDUURZDSRODUHQYLURQPHQWVDQG4VKRZVODUJHYDULDWLRQLQRWKHUVHUSLQVWUXFWXUHV
DQGLWLVK\GURJHQERQGHGWR7ZKLFKLVZHOOFRQVHUYHG)LJXUH7KH3DQG3¶UHVLGXHV
DUH SULPDU\ GHWHUPLQDQWV RI D VHUSLQV VSHFLILFLW\ ZKHUHDV 3 3 3¶ DQG 3¶ DUH RI OHVV
LPSRUWDQFHIRUWKHVHOHFWLYLW\-DOODWHWDO*HWWLQV,QWKHFOHDYHGYDVSLQVWUXFWXUH
UHVLGXHV3WR3DUHORFDWHGLQDQHQYLURQPHQWZLWKORZFRQVWUDLQWVDQGDUHVROYHQWDFFHVVLEOH
ZKLFKLVDFRPPRQIHDWXUHIRUWKHVHUHVLGXHVLQVWUXFWXUHVRIFOHDYHGVHUSLQV)LJXUH%ERWWRP
GHWDLO1RWDEO\./.KDVDVWURQJSUHIHUHQFHIRU<)0RU$DW6DQG5RU.DW6¶DQG6¶
'HEHODHWDO2OLYHLUDHWDO+RZHYHUPXWDWLRQRIWKH3SRVLWLRQ0<GRHVQRW
FRQVLGHUDEO\LPSURYH./.LQKLELWLRQka P0íāVíYVP0íāVíIRUWKHZLOG
W\SH7KXVWKHPRVWGHFLVLYHUHVLGXHLQWKHYDVSLQ5&/LVWKH3¶(DVWKLVFOHDUO\LVQRWD
SUHIHUUHGFOHDYDJHVLWHIRU./.:LWK(DWSRVLWLRQ3¶YDVSLQGRHVQRWH[KLELWDSUHIHUUHG
5&/VHTXHQFH IRU./. LQKLELWLRQ DQGZH UHFHQWO\SURSRVHG WKDW H[RVLWH LQWHUDFWLRQVSOD\ DQ
LPSRUWDQW UROH HQDEOLQJ ./. LQKLELWLRQ ZLWK YDVSLQV 5 SOD\LQJ D NH\ UROH WR RIIVHW WKH
GHWULPHQWDOFOHDYDJHVLWH8OEULFKWHWDO

&RQFOXVLRQV  6HUSLQV DUH HIIHFWLYH SURWHDVH LQKLELWRUV ZLWK VSHFLILFLWLHV IRU D ZLGH UDQJH RI
SURWHDVHV7KHLQKLELWLRQIROORZVDVXLFLGHVXEVWUDWHPHFKDQLVPDQGLQYROYHVH[WHQVLYHGRPDLQ
UHDUUDQJHPHQWVZLWKLQWKHYDVSLQPROHFXOH7KHVWUXFWXUHRIFOHDYHGYDVSLQDQGWKHFRPSDULVRQWR
LWV QDWLYH VWUXFWXUH DVZHOO DV WR RWKHU VHUSLQV LQ ERWK VWDWHV SURYLGHV LQVLJKW LQWR SURQRXQFHG



PROHFXODUIHDWXUHVWKDWPD\SOD\LPSRUWDQWUROHVLQWKHVWDELOL]DWLRQRIWKHQDWLYHVWDWHRIYDVSLQ
2QWKHPROHFXODUOHYHOSDUWLFXODUO\H[WHQVLYHLQWHUDFWLRQVRIWKH5&/KLQJHUHJLRQUHVLGXHVZLWK
WKHEUHDFKGRPDLQVHHPRILPSRUWDQFHIRUWKHVWDELOLW\RIYDVSLQLQWKHQDWLYHVWDWH7KLVLQYROYHV
QXPHURXVK\GURJHQERQGVDQG WZRVDOWEULGJHVDVZHOODVDSURQRXQFHGJURRYH IRUPHGE\ WKH
FRQVHUYHGPRWLI)5$[:[[[)UHVLGXHVRIWKHEUHDFKUHJLRQ7KHZDOOVRIWKLVQDUURZ
JURRYHDUHIRUPHGE\5[DQG([ZLWK*3EHLQJSRVLWLRQHGGLUHFWO\EHWZHHQ
WKHP$OWRJHWKHUWKHVHLQWHUDFWLRQVUHVXOWLQUDWKHUFRQVWUDLQHG5&/KLQJHUHJLRQUHVLGXHV5
(33ZKLFKRQRQHKDQGPLJKWSUHYHQWODWHQF\DQGRUSRO\PHUL]DWLRQDQGRQWKHRWKHU
KDQGKROG WKHRYHUDOO5&/LQD µSRLVHGUHDG\¶+DUURSHWDOSRVLWLRQIRU WKH LQKLELWRU\
PHFKDQLVP WRSURFHHG&RPSOHPHQWLQJSUHYLRXVGDWDRQKHDWLQGXFHGSRO\PHUL]DWLRQZHKHUH
VKRZWKDWXVLQJFLWUDWHWRVXSSUHVVSRO\PHUL]DWLRQYDVSLQUHPDLQHGLQWKHDFWLYHFRQIRUPDWLRQDW
WHPSHUDWXUHVXSWR&RUSURORQJHGLQFXEDWLRQDW&7KXVYDVSLQUHSUHVHQWVDPRGHOSURWHLQ
IRU WKH LQYHVWLJDWLRQV RI KRZ VHUSLQV HIIHFWLYHO\ VWDELOL]H WKHLU QDWLYH IROG 3URPLQHQW UHVLGXHV
DGGUHVVHGDQGGLVFXVVHGKHUHFDQVHUYHDVWDUJHWVIRUIXWXUHPXWDJHQHVLVVWXGLHVRQWKHPROHFXODU
EDVLVIRUWKHKLJKVWDELOLW\RIYDVSLQLQWKHQDWLYHVWDWH%H\RQGWKDWWKHSK\VLRORJLFUHOHYDQFHRI
WKLVFKDUDFWHULVWLFLVXQFOHDUDQGLWUHPDLQVXQNQRZQLIODWHQWRUSRO\PHUL]HGYDVSLQDUHSUHVHQWin
vivo

0DWHULDOVDQGPHWKRGV
*HQHUDWLRQ RI UHFRPELQDQW YDVSLQ - 5HFRPELQDQW H[SUHVVLRQ DQG SXULILFDWLRQ RI YDVSLQ DQG
PXWDQWV ZDV FDUULHG RXW DV SUHYLRXVO\ GHVFULEHG 8OEULFKW HW DO  %ULHIO\ 1WHUPLQDO
GHFDKLVWLGLQHWDJJHGUHFRPELQDQWYDVSLQZDVH[SUHVVHGLQE. coliDQGSXULILHGYLD LPPRELOL]HG
PHWDOLRQDIILQLW\FKURPDWRJUDSK\DQGJHOILOWUDWLRQXVLQJD+L/RDG6XSHUGH[FROXPQ
RQDQb.7$SURWHLQSXULILFDWLRQV\VWHPDOOIURP*(+HDOWKFDUH)UHLEXUJ*HUPDQ\3XULILHG



SURWHLQVZHUHDQDO\]HGE\53+3/&6'63$*(0$/',7R)06DQGVWRUHGDW&XQWLOIXUWKHU
XVH7KHUDWHRILQKLELWLRQIRUYDVSLQPXWDQW0<ZDVGHWHUPLQHGXVLQJDGLVFRQWLQXRXVDVVD\
DVSUHYLRXVO\GHVFULEHG+HLNHUHWDO&OHDYHGIRUPVRI75DQG$3ZHUHJHQHUDWHG
E\LQFXEDWLRQZLWK./.PRODUUDWLRRISURWHDVHWRVHUSLQRYHUQLJKWDWURRPWHPSHUDWXUH
&RPSOHWHFOHDYDJHZDVDVFHUWDLQHGE\6'63$*(DQG0$/',7R)06

&U\VWDOOL]DWLRQ;UD\GDWD FROOHFWLRQDQG VWUXFWXUHGHWHUPLQDWLRQ - )RU FU\VWDOOL]DWLRQJHO
ILOWUDWLRQ SHDN IUDFWLRQV ZHUH SRROHG DQG FRQFHQWUDWHG WR PJPO ,Q D KDQJLQJGURS YDSRU
GLIIXVLRQVHWXSDW.ȝOSURWHLQDQGȝOFU\VWDOOL]DWLRQEXIIHUZHUHPL[HGDQGHTXLOLEUDWHG
DJDLQVW  PO RI FU\VWDOOL]DWLRQ EXIIHU DV UHVHUYRLU VROXWLRQ VXSSOHPHQWDU\ 7DEOH 7KH
DQDO\]HGFU\VWDOVZHUHGLUHFWO\IUR]HQLQOLTXLGQLWURJHQ;UD\GDWDFROOHFWLRQZDVFDUULHGRXWDW
.XVLQJDZDYHOHQJWKRIcRQEHDPOLQHRI WKH%HUOLQ6\QFKURWURQ %(66<
%HUOLQ *HUPDQ\ HTXLSSHG ZLWK D0$50RVDLF&&' GHWHFWRU  PP 0$55(6($5&+
1RUGHUVWHGW *HUPDQ\ 7KH GLIIUDFWLRQ GDWD ZHUH LQGH[HG LQWHJUDWHG DQG VFDOHG ZLWK ;'6
.DEVFK  DQG DLPOHVV (YDQV DQG 0XUVKXGRY  RI WKH &&3 VXLWH &ROODERUDWLYH
&RPSXWDWLRQDO3URMHFW1XPEHU&RRUGLQDWHVRIUHVLGXHVDQG
RIZLOGW\SHYDVSLQSGE,)ZHUHXVHGDVVHDUFKPRGHOVIRUPROHFXODUUHSODFHPHQW
XQGHU3+$6(50F&R\HWDO&RRUGLQDWHVRIWKHEHVWVROXWLRQZHUHWDNHQDVVWDUWLQJPRGHO
IRUULJLGERG\UHILQHPHQWXVLQJ5()0$&0XUVKXGRYHWDO0XUVKXGRYHWDO7KH
PRGHOZDVIXUWKHULPSURYHGE\LWHUDWLYHF\FOHVRI7/6UHILQHPHQWXVLQJ5()0$&0XUVKXGRY
HW DO  0XUVKXGRY HW DO  DV ZHOO DV 3+(1,; $GDPV HW DO  DQG PDQXDO
UHEXLOGLQJZLWK&227(PVOH\HWDO7/6JURXSVZHUHGHWHUPLQHGXVLQJWKH7/60'ZHE
VHUYHU3DLQWHUDQG0HUULWWDE6WUXFWXUHVZHUHYDOLGDWHGE\02/352%,7<&KHQHW
DO  )LQDO VWUXFWXUH EXLOGLQJ DQG LQWHUSUHWDWLRQ ZDV DLGHG E\ IHDWXUH HQKDQFHG PDSV



FDOFXODWHGZLWK3+(1,;$GDPVHWDO$IRQLQHHWDO)LQDOFRRUGLQDWHVDQGVWUXFWXUH
IDFWRUVKDYHEHHQGHSRVLWHGLQWKH3URWHLQ'DWD%DQN%HUPDQHWDOXQGHUDFFHVVLRQFRGH
(, DQG UHOHYDQW FU\VWDOORJUDSKLF GDWD LV VSHFLILHG LQ VXSSOHPHQWDU\ 7DEOH  6HFRQGDU\
VWUXFWXUHHOHPHQWVZHUHDVVLJQHGXVLQJWKH'663ZHEVHUYHU.DEVFKDQG6DQGHU7RXZHW
DO)LJXUHVZHUHSUHSDUHGXVLQJ3\02/ZZZS\PRORUJ506'YDOXHVWRZDUGVRWKHU
FOHDYHGVHUSLQVWUXFWXUHVZHUHFDOFXODWHGXVLQJWKH'$/,VHUYHU+ROPDQG5RVHQVWU|P
6HTXHQFHVZHUHDOLJQHGZLWKWKH&OXVWDO2PHJDZHEVHUYHUDW(0%/(%,*RXMRQHWDO
6LHYHUVHWDO7KHDOLJQPHQW)LJXUHZDVJHQHUDWHGZLWKWKH(63ULSWZHEVHUYHUDIWHU
PDQXDOHGLWLQJ5REHUWDQG*RXHW$VYDVSLQFKDLQ%H[KLELWVWKHPRVWFRPSOHWHHOHFWURQ
GHQVLW\LWKDVEHHQXVHGIRU)LJXUHVDQGDQDO\VLVXQOHVVRWKHUZLVHVWDWHG$OOUHVLGXHQXPEHUVXVHG
LQWKLVVWXG\UHIHUWRWKHYDVSLQQXPEHULQJLIQRWVWDWHGRWKHUZLVH7KHDQQRWDWLRQRISRVLWLRQVRI
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7DEOH&U\VWDO VWUXFWXUHVRIFOHDYHGKXPDQVHUSLQVZLWKUPVGYDOXHVDQGVHTXHQFH LGHQWLWLHV
WRZDUGVWKHFOHDYHGYDVSLQVWUXFWXUH
6HUSLQQDPH SGEFRGH UPVG
>c@
VHTXHQFH
LGHQWLW\>@
UHIHUHQFHV
ĮDQWLWU\SVLQĮ3,
40%   +XQWLQJWRQHWDO
$3,  
(QJKHWDO$3,  
$3,  
1')   <DPDVDNLHWDO
SODVPLQRJHQDFWLYDWRU
LQKLELWRU3$,
(2;   'HZLOGHHWDO
&90   -HQVHQDQG*HWWLQV
SURWHLQ&LQKLELWRU3&, /4   +XQWLQJWRQHWDO'<   /LDQG+XQWLQJWRQ
ĮDQWLFK\PRWU\SVLQ
Į$&7
$&+   %DXPDQQHWDO
$6   /XNDFVHWDOE&$$  
DQWLWKURPELQĮ$7 $7+   6FKUHXGHUHWDO
SURWHLQ=GHSHQGHQW
SURWHDVHLQKLELWRU3=,
$);   +XDQJHWDO$-8  
QHXURVHUSLQ )   5LFDJQRHWDO
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
)LJXUHOHJHQGV
)LJXUH&RPSDULVRQRIQDWLYHDQGFOHDYHGYDVSLQ$6XSHUSRVLWLRQRIWKHFOHDYHGOLJKWEOXH
DQGGDUNUHGDQGQDWLYH\HOORZYDVSLQFU\VWDOVWUXFWXUHV,QWKHFOHDYHGVWDWHWKH5&/(
0GDUNUHGLQFRUSRUDWHVDVDGGLWLRQDOȕVWUDQGLQWRWKHFHQWUDOȕVKHHW%9DVSLQPRVWOLNHO\
ZDVFOHDYHGEHWZHHQ30DQG3¶(DVDSSDUHQWIURPWKHHOHFWURQGHQVLW\RIWKHIHDWXUH
HQKDQFHGPDSıLQFKDLQ%3UREDEO\GXHWRWKHLULQFUHDVHGIOH[LELOLW\UHVLGXHV(DQG7
FRXOGQRWEHPRGHOHGLQWKLVFKDLQ
)LJXUH&RQVHUYHGDPLQRDFLGVLQWKHVKXWWHUUHJLRQRIWKHQDWLYH$DQGWKHFOHDYHGYDVSLQ
FU\VWDO VWUXFWXUH % )HDWXUH HQKDQFHGPDSV DUH GLVSOD\HG DV UHGPHVK FRQWRXUHG DW ıZLWK
K\GURJHQERQGVGHSLFWHGDVEODFNGDVKHGOLQHV
)LJXUH0XOWLSOHVHTXHQFHDOLJQPHQWDQGFRQVHQVXVVHTXHQFHRIKXPDQLQKLELWRU\VHUSLQVIRU
VHOHFWHGDPLQRDFLGV7KHVHTXHQFHQXPEHULQJFRUUHVSRQGVWRKXPDQYDVSLQDQGWKHVFLVVLOHERQG
ORFDWHGEHWZHHQ3DQG3¶LVKLJKOLJKWHGE\VFLVVRUV6HTXHQFHVZHUHDOLJQHGXVLQJWKH&OXVWDO
2PHJDDOJRULWKPDW(0%/(%,7KHDOLJQPHQWZDVJHQHUDWHGZLWK(63ULSWDQGPDQXDOO\
HGLWHG
)LJXUH2YHUYLHZRILQWHUDFWLRQVZLWKLQWKHEUHDFKUHJLRQDQGRIWKHEUHDFKUHJLRQZLWKWKH5&/
KLQJHUHVLGXHV'*33LQWKHQDWLYH$SGEFRGH,)DQGFOHDYHGYDVSLQ%;
UD\VWUXFWXUH5HVLGXHVRIWKH5&/KLQJHUHJLRQDUHVKRZQLQOLJKWEOXH,PSRUWDQWUHVLGXHVRIWKH
EUHDFKGRPDLQDUHFRORUHGLQ\HOORZ7KHJURRYHLVGHSLFWHGDVJUH\VXUIDFH
)LJXUH 7KHUPRVWDELOLW\ VXEVWUDWHPXWDQWV FOHDYHG DQG XQFOHDYHG DVZHOO DV KHDWLQGXFHG
SRO\PHUL]DWLRQRIYDVSLQ $7KHUPDOXQIROGLQJRIQRQLQKLELWRU\PXWDQWV75DQG$3
IURPVLQJOHVDPSOHVREVHUYHGE\IDU89&'DWQPDWDKHDWLQJUDWHRI&KLQSKRVSKDWH
EXIIHUS+07KHVKLIW WRKLJKHUWHPSHUDWXUHVIRUXQIROGLQJVXJJHVWV5&/LQVHUWLRQ



UHVXOWHG LQ WKH K\SHUVWDEOH FRQIRUPDWLRQ % 6'63$*( DQDO\VLV RI SRO\PHUL]DWLRQ IRU QRQ
LQKLELWRU\ PXWDQWV 75 DQG $3 LQ QDWLYH DQG FOHDYHG VWDWH DIWHU  PLQ LQFXEDWLRQ DW
LQGLFDWHG WHPSHUDWXUHV 57± URRP WHPSHUDWXUH7DNHQ WRJHWKHUZLWK WKH&'GDWD LQ $ WKLV
GHPRQVWUDWHV5&/ LQVHUWLRQ IRU ERWK KLQJH UHJLRQPXWDQWV DIWHU FOHDYDJH 3 SUROLQH VOLJKWO\
GHVWDELOL]HVWKHUHOD[HGFOHDYHGVWDWH&6'63$*(DQDO\VLVRIYDVSLQSRO\PHUL]DWLRQWRS
DQGFRPSOH[IRUPDWLRQERWWRPDIWHUKLQFXEDWLRQDWLQGLFDWHGWHPSHUDWXUHVZLWKGLIIHUHQW1D&O
DQGFLWUDWHFRQFHQWUDWLRQVDP01D&OP0FLWUDWHEP01D&OP0FLWUDWHFP0
1D&OP0FLWUDWHGP01D&OP0FLWUDWH'6'63$*(DQDO\VLVDVLQ&EXW
DIWHUSURORQJHGKLQFXEDWLRQDWLQGLFDWHGWHPSHUDWXUHVDVLQGP01D&OP0FLWUDWH
:KLOHFLWUDWHVXSSUHVVHGSRO\PHUL]DWLRQWKHPRQRPHULFYDVSLQUHPDLQVDFWLYHDQGDEOHWRLQKLELW
./.,QGLFDWHGEDQGVDUH±VHUSLQSURWHDVHFRPSOH[DFWLYHVHUSLQDFWLYH7DJFOHDYHG
VHUSLQFOHDYHGVHUSLQSURWHDVH
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